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Sir: 

Apphcant respectfully request that this amendment be entered prior to examination of the 
above-mentioned application on the merits. It is beUeved that no fee is due for filing this 
response; however, if a fee is due, the Commissioner is authorized to charge our Deposit 
Account No. 132490. 

IN THE SPECIFICATION: 

On page 1, after the first paragraph, please insert the following new paragraph: 

" The Sequence Listing file named "MBHB00-801-F Sequence Listing.txt" submitted on 
Compact Disc-Recordable (CD-R) medium ("010326_2122") in comphance with 37 C.F.R. 
§1 .52(e) is incorporated herein by reference." 



I hereby certify that this correspondence is being deposited with the United, States Postal Service as first class mail m an envelope 
addressed to the: Assistant Commissioner for Patents, Washington D.(/ 2^23 1 , on March 26, 2(?01 . » 
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CERTIFICATE OF MAILING (37 C.F.R. 1.8a) 



Date: March?, 2001 
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On page 15, please replace paragraph 2 with the following substitute paragraph: 

" By "consists essentially of is meant that the active enzymatic nucleic acid molecule of 
the invention contains an enzymatic center or core equivalent to those in the examples, and 
binding arms able to bind RNA such that cleavage at the target site occurs. Other sequences may 
be present which do not interfere with such cleavage. Thus, a core region may, for example, 
include one or more loop or stem-loop structures, which do not prevent enzymatic activity. Such 
sequences can be designated as "X", for example, as in a loop or stem/loop structure. For 
example, a core sequence for a hanmierhead enzymatic nucleic acid can be 5'- CUGAUGAG -3' 
and 5' - CGAA -3' connected by "X", where X= 5' - GCCGUUAGGC -3' (SEQ ID NO: 9704), or 
any other stem II region known in the art. Similarly, for other enzymatic nucleic acid molecules 
of the instant invention, additional sequences may be present that do not interfere with the 
function of the nucleic acid molecule." 

Please replace originally-filed pages 69-72 with the substitute pages 69-72 submitted 
herewith. 

IN THE ABSTRACT 

On page 176, please replace the originally-filed abstract with the following substitute 
abstract: 

"The present invention relates to enzymatic nucleic acid molecules (e.g., ribozymes and 
DNAzymes) that modulate the expression and/or replication of hepatitis C virus (HCV)." 

IN THE FIGURES: 

Please replace Figures 1-5, 7 and 8 with substitute Figures 1-5, 7 and 8, submitted 
herewith. 
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SEQUENCE LISTING: 

Please incorporate by reference the sequence listing submitted herewith. The sequences in 
the sequence listing are found in the originally- filed specification and figures. 

REMARKS 

Speciflcation 

Page 1 of the specification was amended to incorporate by reference the sequence listing, 
submitted herewith. 

Page 15, paragraph 2, of the specification was amended to provide clarification and to 
include the appropriate SEQ ID NO, in comphance with 37 C.F.R § 1.821-1.825. 

Pages 69-72 of the specification were amended to provide the appropriate reference 
numbers for the references cited in Table 1 . 

No new matter has been added by way of any of these amendments to the specification. 

A copy of the marked up original sheets for the described pages are attached as Appendix 
A and Appendix B. 

Abstract 

The abstract was amended merely to provide clarification. A copy of the marked up 
original abstract is attached as Appendix C. 

Figures 

New Figures 1-5, 7 and 8 were amended to include the appropriate SEQ ID NOs in 
comphance with 37 C.F.R § 1.821-1.825. No new matter has been added by way of these 
amendments. 

A marked-up version of the original Figures 1-5, 7 and 8 are attached as Appendix D. 
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Sequence Listing 

A sequence listing is attached which includes the sequences found in the specification 
and drawings. In compliance with 37 C.F.R § 1.821-1.825 and § L52(e), the appUcant herewith 
submits the Sequence Listing on Compact Disc-Recordable (CD-R) medium in duplicate (COPY 
1 and COPY 2), in lieu of the paper copy under 37 C.F.R. § 1. 821(c), and substitute computer 
readable form copy (COPY 3). The paper and computer readable forms of the Sequence Listing 
are the same. The Statements under 37 CFR § 1.821(f) and § 1.52(e) are also provided. 

The Sequence Listing has been generated from the specification and does not constitute 
new subject matter. The Sequence Listing has been prepared in the Patentin Ver.2.0 format and 
checked with Checker Version 3.0 Program. No error has been found. 



McDonnell boehnen 
hulbert & berghoff 

300 South Wacker Drive 
Chicago, lUinois 60606 
312/913-0001 (telephone) 
312/913-0002 (facsimile) 



Respectfully submitted. 




McDonnell Boehnen Hulbert & Berghoff 



■Arlita J. Terpstr^^ 
Registration No. 47,132 
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Appendix A 



By "consists essentially of is meant that the active enzymatic nucleic acid 
molecule of the invention contains an enzymatic center or core equivalent to those in the 
examples, and binding arms able to bind RNA such that cleavage at the target site occurs. 
Other sequences may be present which do not interfere with such cleavage. Thus, a core 
region may, for example, include one or more loop or stem-loop structures, which do not 
prevent enzymatic activity. Such sequences can be designated as "X", for example, as in 
a loop or stem/loop structure. For example, a [A] core sequence for a hammerhead 
enzymatic nucleic acid can be 5^: CUGAUGAG [X] and 5iz CGAA -3' connected by 
"X", w here X= 51^ GCCGUUAGGC -3' (SEP JD NO: 9704). or any other stem II region 
known in the art. Similarly, for other enzymatic nucleic acid molecules of the instant 
invention, additional sequences may be present that do not interfere with the function of 
the nucleic acid molecule. 



Appendix B 



Hepatitis Delta Virus (HDV) Ribozyme 

Size: -60 nucleotides. 

Trans cleavage of target RNAs demonstrated [^^^\ 

Binding sites and structural requirements not fully determined, although no sequences 
5* of cleavage site are required. Folded ribozyme contains a pseudoknot structure [^'], 

Reaction mechanism: attack by 2'-0H 5' to the scissile bond to generate cleavage 
products with 2',3'-cyclic phosphate and 5'-0H ends. 

Only 2 known members of this class. Found in human HDV. 

Circular form of HDV is active and shows increased nuclease stability ^^^] 

i Michel, Francois; Westhof, Eric. Slippery substrates. Nat. Struct. Biol. (1994), 1(1), 5-7. 

ii Lisacek, Frederique; Diaz, Yolande; Michel, Francois. Automatic identification of 
group I intron cores in genomic DNA sequences. J. Mol. Biol. (1994), 235(4), 1206-17. 

iii Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena 
thermophila ribozyme. 1 . Kinetic description of the reaction of an RNA substrate 
complementary to the active site. Biochemistry (1990), 29(44), 10159-71. 

iv Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena 
thermophila ribozyme. 2. Kinetic description of the reaction of an RNA substrate that forms a 
mismatch at the active site. Biochemistry (1990), 29(44), 10172-80. 

V Knitt, Deborah S.; Herschlag, Daniel. pH Dependencies of the Tetrahymena 
Ribozyme Reveal an Unconventional Origin of an Apparent pKa. Biochemistry (1996), 35(5), 
1560-70. 

vi Bevilacqua, Philip C; Sugimoto, Naoki; Turner, Douglas H.. A mechanistic 
framework for the second step of splicing catalyzed by the Tetrahymena ribozyme. 
Biochemistry (1996), 35(2), 648-58. 

vii Li, Yi; Bevilacqua, Philip C; Mathev^s, David; Tumer, Douglas H.. Thermodynamic 
and activation parameters for binding of a pyrene- labeled substrate by the Tetrahymena 
ribozyme: docking is not diffusion-controlled and is driven by a favorable entropy change. 
Biochemistry (1995), 34(44), 14394-9. 

viii B anerjee, Aloke Raj; Tumer, Douglas H.. The time dependence of chemical 
modification reveals slow steps in the folding of a group I ribozyme. Biochemistry (1995), 
34(19), 6504-12. 

ix Zarrinkar, Patrick P.; Williamson, James R.. The P9.1-P9.2 peripheral extension helps 
guide folding of the Tetrahymena ribozyme. Nucleic Acids Res. (1996), 24(5), 854-8. 



X Strobel, Scott A.; Cech, Thomas R.. Minor groove recognition of the conserved 
G.cntdot.U pair at the Tetrahymena ribozyme reaction site. Science (Washington, D, C.) 
(1995), 267(5198), 675-9. 

2a Strobel, Scott A.; Cech, Thomas R.. Exocyclic Amine of the Conserved G.cntdot.U 
Pair at the Cleavage Site of the Tetrahymena Ribozyme Contributes to 5'-Splice Site Selection 
and Transition State Stabilization. Biochemistry (1996), 35(4), 1201-11. 

2di Sullenger, Bruce A.; Cech, Thomas R.. Ribozyme-mediated repair of defective mRNA 
by targeted trans-splicing. Nature (London) (1994), 371(6498), 619-22. 

2dii Robertson, H.D.; Altman, S.; Smith, ID. J. BioL Chem., 247, 5243-5251 (1972). 

xiv Forster, Anthony C; Altman, Sidney. External guide sequences for an RNA enzyme. 
Science (Washington, D. C, 1883-) (1990), 249(4970), 783-6. 

XV Yuan, Y.; Hwang, E. S.; Altman, S. Targeted cleavage of mRNA by human RNase P. 
Proc, Natl. Acad. Sci. USA (1992) 89, 8006-10. 

xvi Harris, Michael E.; Pace, Norman R. Identification of phosphates involved in 
catalysis by the ribozyme RNase P RNA. RNA (1995), 1(2), 210-18. 

xvii Pan, Tao; Loria, Andrew; Zhong, Kun. Probing of tertiary interactions in RNA: 2 - 
hydroxyl-base contacts between the RNase P RNA and pre-tRNA. Proc, Natl. Acad. Sci. U. S. 
A. (1995), 92(26), 12510-14. 

xviii Pyle, Anna Marie; Green, Justin B,. Building a Kinetic Framework for Group II Intron 
Ribozyme Activity: Quantitation of Interdomain Binding and Reaction Rate. Biochemistry 
(1994), 33(9), 2716-25. 

xix Michels, William J. Jr.; Pyle, Anna Marie. Conversion of a Group II Intron into a New 
Multiple-Turnover Ribozyme that Selectively Cleaves Oligonucleotides: Elucidation of 
Reaction Mechanism and Structure/Function Relationships. Biochemistry (1995), 34(9), 
2965-77. 

2CX Zimmerly, Steven; Guo, Huatao; Eskes, Robert; Yang, Jian; Perlman, Philip S.; 
Lambowitz, Alan M.. A group II intron RNA is a catalytic component of a DNA 
endonuclease involved in intron mobility. Cell (Cambridge, Mass.) (1995), 83(4), 529-38. 

xxi Griffm, Edmund A., Jr.; Qin, Zhifeng; Michels, WiUiams J., Jr.; Pyle, Aima Marie. 
Group II intron ribozymes that cleave DNA and RNA linkages with similar efficiency, and 
lack contacts with substrate 2'-hydroxyl groups. Chem. Biol. (1995), 2(11), 761-70. 

xxii Michel, Francois; Ferat, Jean Luc. Structure and activities of group II introns. Annu. 
Rev. Biochem. (1995), 64, 435-61. 

xxiii Abramovitz, Dana L.; Friedman, Richard A.; Pyle, Anna Marie. Catalytic role of 2'- 



hydroxyl groups within a group II intron active site. Science (Washington D C ) 
271(5254), 1410-13. 



xxiv Daniels, Danette L.; Michels, William J., Jr.; Pyle, Anna Marie. Two competing 
pathways for self-splicing by group II introns: a quantitative analysis of in vitro reaction rates 
and products. J. Mol. Biol. (1996), 256(1), 31-49. 

xxy Guo, Hans C. T.; Collins, Richard A.. Efficient trans-cleavage of a stem-loop RNA 
substrate by a ribozyme derived from Neurospora VS RNA. EMBO J. (1995), 14(2), 368-76. 

xxvi Scott, W.G., Finch, J.T., Aaron,K. The crystal structure of an all RNA hammerhead 
ribozyme:Aproposed mechanism for RNA catalytic cleavage. Cell, (1995), 81, 991-1002. 

xxvii McKay, Structure and function of the hammerhead ribozyme: an unfinished story 
RNA, (1996), 2, 395-403. 

xxviii Long, D., Uhlenbeck, O., Hertel, K. Ligation with hammerhead ribozymes. US Patent 
No. 5,633,133. 

xxix Hertel, K.J., Herschlag, D., Uhlenbeck, O. A kinetic and thermodynamic framework 
for the hammerhead ribozyme reaction. Biochemistry, (1994) 33, 3374-3385.Beigelman, L., 
et al. Chemical modifications of hammerhead ribozymes. J. Biol. Chem., (1995) 270 25702- 
25708. 

XXX Beigelman, L., et al, Chemical modifications of hammerhead ribozymes. J. Biol. 
Chem., (1995) 270, 25702-25708. 

XMi Hampel, Arnold; Tritz, Richard; Hicks, Margaret; Cruz, Phillip. 'Hairpin' catalytic 
RNA model: evidence for helixes and sequence requirement for substrate RNA. Nucleic 
Acids Res. (1990), 18(2), 299-304. 

xxxii Chowrira, Bharat M.; Berzal-Herranz, Alfredo; Burke, John M.. Novel guanosine 
requirement for catalysis by the hairpin ribozyme. Nature (London) (1991), 354(6351), 320-2. 

xxxiii Berzal-Herranz, Alfredo; Joseph, Simpson; Chowrira, Bharat M.; Butcher, Samuel E.; 
Burke, John M.. Essential nucleotide sequences and secondary structure elements of the 
hairpin ribozyme. EMBO J. (1993), 12(6), 2567-73. 

xxxiy Joseph, Simpson; Berzal-Herranz, Alfredo; Chowrira, Bharat M.; Butcher, Samuel E.. 
Substrate selection rules for the hairpin ribozyme determined by in vitro selection, mutation, 
and analysis of mismatched substrates. Genes Dev. (1993), 7(1), 130-8. 

XXXV Berzal-Herranz, Alfredo; Joseph, Simpson; Burke, John M.. In vitro selection of active 
hairpin ribozymes by sequential RNA-catalyzed cleavage and ligation reactions. Genes Dev 
(1992), 6(1), 129-34. 

xxxvi Hegg, Lisa A.; Fedor, Martha J.. Kinetics and Thermodynamics of Intermolecular 
Catalysis by Hairpin Ribozymes. Biochemistry (1995), 34(48), 15813-28. 



xxxvii Grasby, Jane A.; Mersmaim, Karin; Singh, Mohinder; Gait, Michael J.. Purine 
Functional Groups in Essential Residues of the Hairpin Ribozyme Required for Catalytic 
Cleavage of RNA. Biochemistry (1995), 34(12), 4068-76. 

xxxviii Schmidt. Sabine; Beigelman, Leonid; Karpeisky, Alexander; Usman, Nassim; 
Sorensen, Ulrik S.; Gait, Michael J.. Base and sugar requirements for RNA cleavage of 
essential nucleoside residues in internal loop B of the hairpin ribozyme: imphcations for 
secondary structure. Nucleic Acids Res, (1996), 24(4), 573-81. 

xxxix Perrotta, Anne T.; Been, Michael D.. Cleavage of oligoribonucleotides by a ribozyme 
derived from the hepatitis .delta, virus RNA sequence. Biochemistry (1992), 31(1), 16-21. 

2d Perrotta, Anne T.; Been, Michael D.. A pseudoknot-like structure required for efficient 
self-cleavage of hepatitis delta virus RNA. Nature (London) (1991), 350(6317), 434-6. 



xU Puttaraju, M.; Perrotta, Anne T.; Been, Michael D.. A circular trans-acting hepatitis 
delta virus ribozyme. Nucleic Acids Res. (1993), 21(18), 4253 



Appendix C 



Abstract of the Disclosure 

The present invention relates to [E]enzymatic nucleic acid molecules (e.g., 
ribozymes and DNAzymes) that modulate the expression and/or replication of hepatitis C 
virus (HCV). 
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Hepatitis Delta Virus (HDV) Ribozyme 



Size: --60 nucleotides. 

Trans cleavage of target RNAs demonstrated [^^% 

5 • Binding sites and structural requirements not fully determined, although no sequences 
5' of cleavage site are required. Folded ribozyme contains a pseudoknot structure f]. 

Reaction mechanism: attack by 2'-0H 5' to the scisslle bond to generate cleavage 
products with 2\3'-cyclic phosphate and 5'-0H ends. 

Only 2 known members of this class. Found in human HDV. 

J IO • Circular form of HDV is active and shows increased nuclease stability 

i Michel, Francois; Westhof, Eric. Slippery substrates. Nat. Struct. Biol. (1994), 1(1), 5-7. 

ii Lisacek, Frederique; Diaz, Yolande; Michel, Francois. Automatic identification of 
group I intron cores in genomic DNA sequences. J. Mol. Biol. (1994), 235(4), 1206-17. 

ys 

^ iii Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena 
^ thermophila ribozyme. 1 . Kinetic description of the reaction of an RNA substrate 
Q complementary to the active site. Biochemistry (1990), 29(44), 10159-71. 

iJo iv Herschlag, Daniel; Cech, Thomas R,. Catalysis of RNA cleavage by the Tetrahymena 
ry thermophila ribozyme. 2. Kinetic description of the reaction of an RNA sxibstrate that forms a 
^- mismatch at the active site. Biochemistry (1990), 29(44), 10172-80. 

v Knitt, Deborah S.; Herschlag, Daniel. pH Dependencies of the Tetrahymena 

L't5 Ribozyme Reveal an Unconventional Origin of an Apparent pKa. Biochemistry (1996), 35(5), 
^ 1560-70. 

vi Bevilacqua, Philip C; Sugimoto, Naoki; Turner, Douglas H.. A mechanistic 
framework for the second step of splicing catalyzed by the Tetrahymena ribozyme. 

30 Biochemistry (1996), 35(2), 648-58. 

vii Li, Yi; Bevilacqua, Philip C; Mathews, David; Turner, Douglas H.. Thermodynamic 
and activation parameters for binding of a pyrene-labeled substrate by the Tetrahymena 
ribozyme: docking is not diffusion-controlled and is driven by a favorable entropy change. 

35 Biochemistry (1995), 34(44), 14394-9. 

viii Banerjee, Aloke Raj; Turner, Douglas H.. The time dependence of chemical 
modification reveals slow steps in the folding of a group I ribozyme. Biochemistry (1995), 
34(19), 6504-12. 

40 

ix Zarrinkar, Patrick P.; WiUiamson, James R.. The P9. 1-P9.2 peripheral extension helps 
guide folding of the Tetrahymena ribozyme. Nucleic Acids Res. (1996), 24(5), 854-8. 
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X Strobel, Scott A.; Cech, Thomas R.. Minor groove recognition of the conserved 
G.cntdot.U pair at the Tetrahymena ribozyme reaction site. Science (Washington, D. C.) 
(1995), 267(5198), 675-9. 

xi Strobel, Scott A.; Cech, Thomas R.. ExocycHc Amine of the Conserved G.cntdot.U 
Pair at the Cleavage Site of the Tetrahymena Ribozyme Contributes to 5'-Splice Site Selection 
and Transition State Stabilization. Biochemistry (1996), 35(4), 1201-11. 

xii SuUenger, Bruce A.; Cech, Thomas R.. Ribozyme-mediated repair of defective mRNA 
by targeted trans-sphcing. Nature (London) (1994), 371(6498), 619-22. 

xiii Robertson, H.D.; Altman, S.; Smith, J.D. J. Biol. Chem., 247, 5243-5251 (1972). 

xiv Forster, Anthony C; Altman, Sidney. External guide sequences for an RNA enzyme. 
Science (Washington, D. C, 1883-) (1990), 249(4970), 783-6. 

XV Yuan, Y.; Hv^ang, E. S.; Altman, S. Targeted cleavage of mRNA by human RNase P. 
Proc. Natl. Acad. Sci. USA (1992) 89, 8006-10. 

xvi Harris, Michael E.; Pace, Norman R.. Identification of phosphates involved in 
catalysis by the ribozyme RNase P RNA. RNA (1995), 1(2), 210-18. 

xvii Pan, Tao; Loria, Andrew; Zhong, Kun. Probing of tertiary interactions in RNA: 2'- 
hydroxyl-base contacts between the RNase P RNA and pre-tRNA. Proc. Natl. Acad. Sci. U. S. 
A. (1995), 92(26), 12510-14. 

xviii Pyle, Anna Marie; Green, Justin B.. Building a Kinetic Framework for Group II Intron 
Ribozyme Activity: Quantitation of Interdomain Binding and Reaction Rate. Biochemistry 
(1994), 33(9), 2716-25. 

xix Michels, William J. Jr.; Pyle, Anna Marie. Conversion of a Group II Intron into a New 
Multiple-Turnover Ribozyme that Selectively Cleaves Oligonucleotides: Elucidation of 
Reaction Mechanism and Structure/Function Relationships. Biochemistry (1995), 34(9), 
2965-77. 

XX Zimmerly, Steven; Guo, Huatao; Eskes, Robert; Yang, Jian; Perlman, Philip S.; 
Lambowitz, Alan M.. A group II intron RNA is a catalytic component of a DNA 
endonuclease involved in intron mobility. Cell (Cambridge, Mass.) (1995), 83(4), 529-38. 
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